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ROCKET OBSERVATIONS OF ELECTRON TEMPERATURE I N  THE E R E G I O N  
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GCA C o r p o r a t i o n ,  Bedford,  Massachuse t t s  
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1 

SUMMARY 

E l e c t r o n  t empera tu re  o b s e r v a t i o n s  have been o b t a i n e d  w i t h  Langmuir 
probes c a r r i e d  on sounding r o c k e t s ,  p r i n c i p a l l y  t h e  Nike Apache. A re- 
f inement  of t h e  i n s t r u m e n t a t i o n  i n  which t h e  r a t e  of change of  c u r r e n t  
i s  t e l e m e t e r e d  on a l o g a r i t h m i c  s c a l e  has a l lowed  t h e  accu racy  of i n d i v i d -  
u a l  measurements t o  be reduced t o  + 25 K compared w i t h  + 100 K o b t a i n e d  
from d i r e c t  a n a l y s i s  of t h e  c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c .  Rocket 
f l i g h t s  i n  B r a z i l  d u r i n g  and fo l lowing  t h e  s o l a r  e c l i p s e  of  1 2  November 
1966 show t h a t  t h e  e l e c t r o n  temperature  below 150 km remained c o n s t a n t -  I3 
a t  g r e a t e r  h e i g h t s  a change of temperature  was found ,  amounting t o  300 K 
a t  190 km. Th i s  s u p p o r t s  t h e  view t h a t  s o l a r  r a d i a t i o n  does no t  d i r e c t l y  
d e t e r m i n e  t h e  e l e c t r o n  t empera tu re  of t h e  E r e g i o n .  E l e c t r o n  t e m p e r a t u r e s  
a r e  found always t o  be g r e a t e r  t h a n  the n e u t r a l  g a s  t empera tu re  a n d ,  a t  
a g i v e n  a l t i t u d e ,  t h e  d i f f e r e n c e  i n c r e a s e s  w i t h  i n c r e a s i n g  sunspo t  number. 

0 0 
- - 

INTRODUCTION 

T h i s  paper is concerned w i t h  e l e c t r o n  t e m p e r a t u r e  i n  t h e  dayt ime E 
r e g i o n ,  p a r t i c u l a r l y  t h e  problem of i n t e r p r e t a t i o n  t h a t  e x i s t s  and which 
has  become r a t h e r  c o n t r o v e r s i a l .  Some d a t a  a r e  p r e s e n t e d  which h e l p  
r e s o l v e  p a r t  of t h e  problem b u t  which l e a v e  o t h e r  p a r t s  t o  be answered. 
We u s e  t h e  u s u a l  i o n o s p h e r i c  d e f i n i t i o n  of t h e  E r e g i o n :  t h e  a l t i t u d e  
range 90 t o  160 km. 

The r e l a t i o n  between e l e c t r o n  t empera tu re  and t h e  gas  t empera tu re  
was f i r s t  c o n s i d e r e d  i n  d e t a i l  by Hanson and Johnson [l];” i n  what has  
L L W  bc-come a c l a s s i c  pape r .  The h e a t  s o u r c e  i s  s o l a r  u l t r a v i o l e t  r a d i -  
a t i o n  which produces h i g h  energy p h o t o e l e c t r o n s .  The energy of t h e  
p h o t o e l e c t r o n s  i s  l o s t  i n i t i a l l y  by i n e l a s t i c  c o l l i s i o n s  which e x c i t e  t h e  
atomic and m o l e c u l a r  c o n s t i t u e n t s  of  t h e  n e u t r a l  g a s .  When t h e  ene rgy  
i s  l e s s  t han  abou t  2 e V  t h e  remaining ene rgy  i s  t r a n s f e r r e d  by Coulomb 
i n t e r a c t i o n  t o  t h e  thermal  e l e c t r o n s .  The the rma l  e l e c t r o n s  l o s e  ene rgy  
t o  t h e  p o s i t i v e  ions  and n e u t r a l  g a s .  

- --_ 

Hanson and Johnson f i n d  t h a t  under s t e a d y - s t a t e  c o n d i t i o n s  t h e  t em-  
p e r a t u r e  d i f f e r e n c e  between e l e c t r o n s  and t h e  n e u t r a l  g a s  shou ld  be 
n e g l i g i b l e  below 150 km, w h i l e  above 150 km n o n e q u i l i b r i u m  is  p r e d i c t e d ,  
t h e  the rma l  e l e c t r o n s  be ing  h o t t e r  than t h e  n e u t r a l  g a s .  While t h e  non- 
e q u i l i b r i u m  p r e d i c t e d  by t h e i r  t heo ry  h a s  been s u b s t a n t i a t e d  above 150 
lun t h e  a v a i l a b l e  r o c k e t  d a t a  p o i n t s  t o  n o n e q u i l i b r i u m  a l s o  throughout  



most of the E r e g i o n .  Th i s  i s  i l l u s t r a t e d  i n  F i g u r e  1 which shows elec-  
t r o n  temperature  p r o f i l e s  from two dayt ime and one s u n r i s e  r o c k e t  f l i g h t  
compared w i t h  a g a s  t empera tu re  model t y p i c a l  of  m i d - s o l a r  c y c l e  c o n d i t i o n s .  

P r o f i l e  1 i s  t h e  1965 COSPAR I n t e r n a t i o n a l  Re fe rence  Atmosphere model 
f o r  t h e  n e u t r a l  tmos h e r e  a t  l o c a l  noon f o r  a 10.7 cm s o l a r  f l u x  of 
125 x W m-' Hz-'. The t empera tu re  a t  150 km is  670OK. P r o f i l e  2 
i s  t h e  e l e c t r o n  t empera tu re  obse rved  i n  B r a z i l  on t h e  day of  t h e  s o l a r  
e c l i p s e  but w i t h  t h e  ionosphe re  r ecove red  from t h e  e f f e c t  of t h e  e c l i p s e .  
The e l e c t r o n  t empera tu re  a t  150 km i s  1140°K, which exceeds  t h e  g a s  t em-  
p e r a t u r e  by 470 K .  The t h i r d  p r o f i l e ,  shows t h e  h i g h e s t  v a l u e  of e l e c -  
t r o n  temperature  t h 3 t  w e  have s e e n  a t  150 km i n  t h e  day t ime .  
1650 K ,  n e a r l y  1000 K above t h e  g a s  t empera tu re .  The f o u r t h  p r o f i l e  shows 
t h e  l a r g e s t  v a l u e s  of e l e c t r o n  t empera tu re  w e  have obse rved  under any 
c o n d i t i o n s .  The e l e c t r o n  t empera tu re  a t  150 km i s  2380 K .  It is  s i g n i -  
f i c a n t  t h a t  t h i s  o b s e r v a t i o n  was made j u s t  b e f o r e  ground s u n r i s e .  
Dalgarno and McElroy [ 2 ;  have p o i n t e d  o u t  t h a t  u n u s u a l l y  h i g h  t e m p e r a t u r e s  
can  be expected a t  t h i s  t ime .  

0 

It is  
0 

0 

EXPERIMENTAL METHOD 

I n  the Langmuir probe t e c h n i q u e  and i t s  many v a r i a t i o n s ,  a n  e l e c -  
t r o d e  i s  i n s e r t e d  i n t o  t h e  plasma and t h e  e l e c t r o n  t e m p e r a t u r e  i s  o b t a i n e d  
from t h e  v a r i a t i o n  of c u r r e n t  w i t h  v o l t a g e .  The shape  of t h e  e l e c t r o d e  
i s  n o t  c r i t i c a l ;  we have used t h e  nose t i p  of Nike Apache and Nike Cajun 
r o c k e t s  [ 3 ] .  The l o c a t i o n  i s  chosen f o r  convenience and s i m p l i c i t y .  

The a n a l y s i s  of i n d i v i d u a l  c u r r e n t - v o l t a g e  c u r v e s  i s  t e d i o u s  and 
s e v e r a l  methods of p a r t i a l  o r  complete  d a t a  r e d u c t i o n  by on-board t e c h -  
n i q u e s  have been deve loped .  Some methods superimpose s m a l l  a c  s i g n a l s  
on t h e  sweep v o l t a g e .  We have r e c e n t l y  i n t r o d u c e d  a s i m p l e r  app roach  
i n  which the r a t e  of change of c u r r e n t  i s  t e l e m e t e r e d  on a l o g a r i t h m i c  
s c a l e .  The accu racy  of i n d i v i d u a l  measurements i s  _+ 25 degrees  which 
may be compared w i t h  - + 100 d e g r e e s  u s u a l  w i t h  d i r e c t  a n a l y s i s  of t h e  
c u r r e n t - v o l t a g e  c u r v e s .  

The c i r c u i t  of  t h e  probe i s  shown s c h e m a t i c a l l y  i n  F i g u r e  2.  When 
t h e  doub le -po le  r e l a y  i s  e n e r g i z e d  thorwing i t  i n t o  t h e  o p p o s i t e  p o s i t i o n  
t o  t h a t  shown, t h e  c u r r e n t - v o l t a g e  cu rve  i s  o b t a i n e d  a t  t h e  o u t p u t  of  t h e  
l i n e a r  e l e c t r o m e t e r .  This  is  t e l e m e t e r e d  on one channe l  of  a n  FM/FM 
sys t em and p rov ides  a check on t h e  f u r t h e r  p r o c e s s i n g  o f  t h e  s i g n a l  i n  
t h e  i n s t r u m e n t .  The d i sp lacemen t  c u r r e n t  i n  a s m a l l  c a p a c i t o r  connec ted  
t o  the  output  of t h e  l i n e a r  e l e c t r o m e t e r  i s  measured by t h e  l o g a r i t h m i c  
e l e c t r o m e t e r  s o  t h a t  i t s  o u t p u t  is  p r o p o r t i o n a l  t o  l o g  ( d i / d V ) .  Th i s  
o u t p u t  i s  t e l eme te red  on a second c h a n n e l .  

The appearance of t h e  t e l e m e t r y  r e c o r d  i s  shown i n  F i g u r e  3 .  The 
upper  t r a c e  is  the  o u t p u t  of t h e  l i n e a r  e l e c t r o m e t e r  ( t h e  n o n l i n e a r i t y  a t  
l a r g e  c u r r e n t s  i s  i n t r o d u c e d  i n  t h e  t e l e m e t r y  sys t em)  w h i l e  t h e  lower i s  
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F i g u r e  2 .  Schematic  of probe c i r c u i t .  
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tlw o i i ~ p i t  o f  t h e  log,iri thmic e l e c t r o m e t e r .  The s l o p e  of t h e  lower t r a c e  
g i v c s  ‘1 d i r c c t  measure of t he  e l e c t r o n  t e m p e r a t u r e  w i t h  t h e  advan tages  
of improvcd accuracy  and q u i c k e r  and e a s i e r  d a t a  a n a l y s i s .  

Following t h e  v o l t a g e  sweep, t h e  doub le -po le  r e l a y  i s  de -ene rg ized  
and t h e  probe c u r r e n t  ( a t  + 2.7 v o l t s )  i s  measured on t h e  l o g a r i t h m i c  
e l e c t r o m e t e r  w h i l e  t h e  l i n e a r  e l e c t r o m e t e r  i s  used t o  a m p l i f y  t h e  f i n e  
s t r u c t u r e  of t h e  e l e c t r o n  d e n s i t y  p r o f i l e .  Data from t h e  f i x e d - v o l t a g e  
mode of o p e r a t i o n  i s  not  p r e s e n t e d  h e r e .  

The b e t t e r  q u a l i t y  o f  t h e  d a t a  from f l i g h t s  u s i n g  t h e  new i n s t r u m e n t  
h a s  emphasized an i n t e r e s t i n g  phenonemon which appea r s  i n  v a r y i n g  d e g r e e s  
on a l l  f l i g h t s .  Th i s  i s  a r e l a t i v e l y  l a r g e  d i f f e r e n c e  between a s c e n t  and 
d e s c e n t  p r o f i l e s  of e l e c t r o n  t e m p e r a t u r e  i n  t h e  lower E r e g i o n .  An extreme 
c a s e  of t h i s  i s  shown i n  F i g u r e  4 which a l s o  s e r v e s  t o  i l l u s t r a t e  the 
method of smoothing t h e  d a t a :  f i v e  c o n s e c u t i v e  v a l u e s  of  t e m p e r a t u r e  a r e  
averaged and a smooth cu rve  drawn th rough  t h e s e  ave rage  v a l u e s .  A s  s e e n  
i n  t h e  f i g u r e  i n i t i a l  v a l u e s  of e l e c t r o n  t empera tu re  a r e  abou t  1000 K a t  
85 km. The t empera tu re  d e c r e a s e s  as t h e  r o c k e t  ascends t o  115 km t h e n  
i n c r e a s e s  t o  t h e  apogee p o i n t  (197 km on t h i s  f l i g h t ) .  On d e s c e n t  lower 
e l e c t r o n  t empera tu res  a r e  obse rved  and t h e  h i g h  v a l u e s  a t  l o w  a l t i t u d e s  
a r e  n o t  reproduced.  On o t h e r  f l i g h t s  t h e  same h i g h  v a l u e  i s  s e e n  a t  85 
km on a scen t  b u t  t h e  d e c r e a s e  i n  t empera tu re  i s  more r a p i d .  

0 

I 

1 

.. 1 
i 
1 
I 

It  is  b e l i e v e d  t h a t  t h e  e l e c t r o n  t e m p e r a t u r e  a t  a l t i t u d e s  below abou t  
120 km i s  n o t  t h e  t r u e  ambient  v a l u e  b u t  t h e  r e s u l t  of an aerodynamic 
e f f e c t .  The d i f f e r e n c e  between t h e  e f f e c t  on a s c e n t  and d e s c e n t  i s  a t -  

descends w i t h  t h e  nose t i p  e l e c t r o d e  t r a i l i n g  u n t i l  t u r n i n g  o v e r  a t  abou t  
t r i b u t e d  t o  t h e  a t t i t u d e  of  t h e  s p i n - s t a b i l i z e d  v e h i c l e :  t h e  r o c k e t  

100 km. Because of t h i s  a p p a r e n t  l o c a l  h e a t i n g  of t h e  e l e c t r o n s  t h e  
d e s c e n t  p r o f i l e  i s  p r e f e r r e d .  The t h r e e  p r o f i l e s  of F i g u r e  1 a r e ,  i n  
f a c t ,  t hose  of t h e  descending r o c k e t .  

The anomalous v a l u e s  of e l e c t r o n  t e m p e r a t u r e  obse rved  i n  t h e  low E 
r e g i o n  i n d i c a t e  t h a t  r e p o r t e d  v a l u e s  of e l e c t r o n  t e m p e r a t u r e  i n  s p o r a d i c -  
E l a y e r s  may be t o o  l a r g e .  The o n l y  c o n c l u s i o n  t h a t  c a n  s a f e l y  be  drawn 
from pub l i shed  d a t a  i s  t h a t  t h e  e l e c t r o n  t e m p e r a t u r e  i n  a spo rad ic -E  
l a y e r  does n o t  exceed 750°K [ 4 ] .  

ECLIPSE OBSERVATIONS 

The v a r i a t i o n  of  e l e c t r o n  t empera tu re  d u r i n g  a s o l a r  e c l i p s e  p r o v i d e s  
f u r t h e r  i n s i g h t  i n t o  t h e  problem of E- reg ion  e l e c t r o n  t e m p e r a t u r e s .  Ob- 
s e r v a t i o n s  by Smi th ,  e t  a l . ,  [ 5 ]  a t  F o r t  C h u r c h i l l  d u r i n g  t h e  s o l a r  
e c l i p s e  of 20 J u l y  1963 i n d i c a t e d  a d e c r e a s e  i n  e l e c t r o n  t e m p e r a t u r e  a t  
a l t i t u d e s  between 160 and 190 km d u r i n g  t h e  e c l i p s e  b u t  no s i g n i f i c a n t  
change between 120 and 160 km. This  experiment  has  been r e p e a t e d  d u r i n g  
t h e  s o l a r  e c l i p s e  of 12  November 1966 u s i n g  t h e  probe d e s c r i b e d  i n  t h e  
p r e v i o u s  s e c t  i o n .  

6 
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The r o c k e t s  were launched from a temporary s i t e  a t  Cass ino  i n  
s o u t h e r n  B r a z i l ,  Three p r o f i l e s  of e l e c t r o n  t empera tu re  were o b t a i n e d .  
Two a r e  v e r y  c l o s e  t o  t o t a l i t y :  t h e  f i r s t  r o c k e t  ( l a u n c h  t i m e  1406 UT) 
e n t e r e d  t o t a l i t y  a t  94 km on d e s c e n t ,  t h e  second r o c k e t  ( l a u n c h  t i m e  
1410 UT) emerged from t o t a l i t y  a t  84 km on a s c e n t .  The t h i r d  r o c k e t  
w a s  launched a t  1600 U T ,  25 minu tes  a f t e r  f o u r t h  c o n t a c t .  The e l e c t r o n  
d e n s i t y  p r o f i l e  of t h i s  l a s t  f l i g h t  was g i v e n  i n  F i g u r e  1. 

The change i n  e l e c t r o n  t empera tu re  d u r i n g  t h e  e c l i p s e  is  shown i n  
F i g u r e  5 .  The d i f f e r e n c e  between t h e  e l e c t r o n  t empera tu re  f o l l o w i n g  t h e  
e c l i p s e  and t h e  two m i d - e c l i p s e  f l i g h t s  is  p l o t t e d  a g a i n s t  a l t i t u d e .  
The descen t  d a t a  i s  used and t h e  i n d i v i d u a l  p r o f i l e s  have been smoothed 
by t h e  process  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .  Some d a t a  from t h e  
r o c k e t  launched d t  1406 UT is m i s s i n g .  Wi th in  t h e  e x p e r i m e n t a l  e r r o r  
t h e  temperature  does n o t  change below 150 km. 
l i n e a r  change w i t h  a l t i t u d e  is  found amounting t o  300 K aL 190 km. 

Above A50 Ian a n e a r l y  

The new d a t a  w i t h  i t s  g r e a t e r  accu racy  t h e r e f o r e  s u p p o r t s  t h e  e a r l i e r  
o b s e r v a t i o n  t h a t  t h e  e l e c t r o n  t empera tu re  of  t h e  E r e g i o n  does n o t  change 
d u r i n g  a s o l a r  e c l i p s e .  

SOLAR CYCLE VARIATION 

The v a r i a b i l i t y  of e l e c t r o n  t empera tu re  i n  t h e  E r e g i o n  i s  q u i t e  
e v i d e n t  i n  the  p u b l i s h e d  d a t a  of Spence r ,  e t  a l .  , [ 6 ] ,  Brace ,  e t  a l .  , [ 7 ] ,  
S p e n c e r ,  e t  a l .  , [ 8 j  and o t h e r s .  Some v a r i a t i o n  can be e x p e c t e d ,  c o r -  
responding t o  t h e  change i n  n e u t r a l  g a s  t e m p e r a t u r e  a s  g i v e n  by t h e  1965 
C I R A  model. Enough d a t a  i s  now a v a i l a b l e  t o  look  f o r  s y s t e m a t i c  v a r i a t i o n  
of E r e g i o n  e l e c t r o n  t empera tu re  d u r i n g  t h e  s o l a r  c y c l e .  S i n c e  t h e  elec- 
t r o n  d e n s i t y  of t h i s  r e g i o n  shows a r a t h e r  w e l l  d e f i n e d  v a r i a t i o n  w i t h  
sunspo t  number the  daytime v a l u e s  of e l e c t r o n  t empera tu re  a t  145 km h s e  
been examined i n  r e l a t i o n  t o  t h e  monthly mean Z u r i c h  sunspo t  number (Rz) .  
Th i s  h e i g h t  has been s e l e c t e d  f o r  two r e a s o n s :  ( a )  t h e  e l e c t r o n  t e m p e r -  
a t u r e  i s  h i g h  and t h e  measurement r e l a t i v e l y  more a c c u r a t e ,  and ( b )  t h e  
anomalous h e a t i n g  e f f e c t  a t  lower a l t i t u d e s  is  avo ided .  

Data from 24 r o c k e t  f l i g h t s  i s  p r e s e n t e d  i n  Tab le  1 and F i g u r e  6 .  
Inc luded  a r e  7 f l i g h t s  from Refe rences  6 th rough  8 i d e n t i f i e d  by S and B.  
I n  t h e  t a b l e ,  \ is  s o l a r  z e n i t h  a n g l e .  The v a l u e s  obse rved  on a s c e n t  and 
d e s c e n t  are i d e n t i f i e d  i n  t h e  f i g u r e  by s e p a r a t e  symbols and a l i n e  j o i n s  
v a l u e s  from t h e  same f l i g h t .  I n  two c a s e s  o n l y  a s c e n t  v a l u e s  are  a v a i l -  
a b l e .  The co r re spond ing  v a l u e s  of n e u t r a l  g a s  t e m p e r a t u r e  o b t a i n e d  from 
t h e  1965 CIRA model f o r  t h e  a p p r o p r i a t e  monthly ave rage  10 .7  cm f l u x  v a l u e  
a r e  a l s o  i n c l u d e d  a s  a r e  t h e  c o n s t a n t  t e m p e r a t u r e s  of t h e  1959 ARDC and 
1962 U.S. model a tmosphere.  Some d a t a  p o i n t s  have been moved t o  a s l i g h t l y  
g r e a t e r  o r  s m a l l e r  v a l u e  of t h e  sunspo t  number f o r  c l a r i t y .  These c a s e s  
can  be i d e n t i f i e d  by t h e  co r re spond ing  g a s  t e m p e r a t u r e  v a l u e s .  
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The f i r s t  p o i n t  t o  n o t e  i s  t h a t  t h e r e  i s  g e n e r a l  agreement between 
t h e  new da ta  and t h a t  g i v e n  by Spencer  and B r a c e ,  s u p p o r t i n g  t h e i r  con ten -  
t i o n  of nonequ i l ib r ium i n  t h e  E r e g i o n .  
c a s e s  of l a r g e ,  u n e x p l a i n e d ,  d i f f e r e n c e s  between a s c e n t  and d e s c e n t  v a l u e s .  

Both s e t s  of d a t a  a l s o  show some 

The second p o i n t  i s  t h a t  n e a r  sunspo t  minimum t h e  e l e c t r o n  t e m p e r -  
0 

a t u r e  a t  145 km i s  o f t e n  o n l y  100 t o  200 K above t h e  g a s  t e m p e r a t u r e .  

The t h i r d ,  and most impor t an t  p o i n t ,  is  t h a t  t h e  e l e c t r o n  temper- 
a t u r e  shows a d e f i n i t e  i n c r e a s e  from s u n s p o t  minimum toward s u n s p o t  
maximum; an i n c r e a s e  which i s  much g r e a t e r  t h a n  t h e  i n c r e a s e  i n  n e u t r a l  
g a s  t empera tu re .  

The s c a t t e r  of i n d i v i d u a l  v a l u e s  i s  p robab ly  r e a l  b u t  does n o t  show 
any c o r r e l a t i o n  w i t h  l a t i t u d e ,  s o l a r  z e n i t h  a n g l e ,  o r  any d a i l y  index  of 
s o l a r  a c t i v i t y  . 

DISCUSS ION 

The p r i n c i p a l  c o n c l u s i o n s  of t h i s  s t u d y  of e l e c t r o n  t empera tu re  i n  
the  E r e g i o n s  a r e  a s  f o l l o w s :  

1. The e l e c t r o n  t empera tu re  below 150 lun remains c o n s t a n t  d u r i n g  
a s o l a r  e c l i p s e ,  even though t h i s  t empera tu re  may be s e v e r a l  hundred 
degrees  above t h e  n e u t r a l  g a s  t e m p e r a t u r e ;  

2 .  The ave rage  e l e c t r o n  t empera tu re  a t  145 lun i n c r e a s e s  from 
sunspo t  minimum toward sunspo t  maximum; 

3 .  The e l e c t r o n  t empera tu re  a t  145 lan i s  always g r e a t e r  t h a n  t h e  
n e u t r a l  gas t empera tu re ;  a t s u n s p o t  minimum t h e  d i f f e r e n c e  on some da s 
i s  a s  small  a s  100°K; f o r  Rz > 100 t h e  d i f f e r e n c e  i s  no less  t h a n  600 K. 

x 
The e c l i p s e  o b s e r v a t i o n s  s u p p o r t  t h e  a n a l y s i s  of Hanson and Johnson 

and i n d i c a t e  t h a t  s o l a r  r a d i a t i o n  does n o t  d i r e c t l y  de t e rmine  t h e  e l e c t r o n  
temperature  of  t h e  E r e g i o n .  The same d a t a  appea r  t o  c o n f l i c t  w i t h  c a l -  
c u l a t i o n s  of Dalgarno,  e t  a l . ,  [ 9 ]  who f i n d  t h a t  s o l a r  r a d i a t i o n  can  
produce nonequ i l ib r ium i n  t h e  E r e g i o n  down t o  120 km. 

The rocke t  d a t a  a t  145 km n e a r  sunspo t  minimum a r e  i n  g e n e r a l l y  good 
agreement w i t h  o b s e r v a t i o n s  by Evans [ l o ]  u s i n g  t h e  i n c o h e r e n t  b a c k - s c a t t e r  
r a d a r  t echn ique .  He  f i n d s  t h e  monthly ave rage  v a l u e  of Te-Tg r a n g i n g  
- from 50°K t o  200°K f o r  f i v e  months i n  1964. 
Rz range from 5 t o  9 .  

The c o r r e s p o n d i n g  v a l u e s  of 

I n  the lowes t  p a r t  of t h e  E r e g i o n  a measurement of e l e c t r o n  c o l l i s i o n  
f r equency  by Mecht ly ,  e t  a l . ,  [ l l ]  has  e s t a b l i s h e d  t h a t  t he rma l  e q u i l i b r i u m  
e x i s t s  u p  t o  an a l t i t u d e  of 105 km. This  o b s e r v a t i o n  (Nike Apache 14.143) 

1 2  



was made n e a r  sunspo t  minimum: 
gave a v a l u e  of e l e c t r o n  t empera tu re  of 690 K (descent:  v a l u e ) ,  140 K 
above t h e  g a s  t empera tu re  d e r i v e d  from t h e  1965 C I R A  model.  

Rz = 9. The probe on t h i s  same fli.ght 
0 

The l a r g e  v a r i a t i o n  of e l e c t r o n  t empera tu re  d u r i n g  the  s o l a r  c y c l e  
makes i t  v e r y  d e s i r a b l e  t o  c o n t i n u e  s y s t e m a t i c  o b s e r v a t i o n s  of t h e  E 
r e g i o n  a t  l e a s t  t o  t h e  next  s o l a r  maximum, p r e d i c t e d  f o r  October 1968. 
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